retrospective survey of raccoons with canine distemper infection and an outbreak of the disease in 1988 on South Island, South Carolina, are described. During this epizootic, 3 male raccoons with the clinical disease had gross testicular lesions that, on histopathologic examination, revealed severe diffuse degeneration and mineralization of seminiferous tubules. The testicular pathology of canine distemper in raccoons has not been previously reported.
recombinant vaccinia-rabies glycoprotein (V-RG) virus vaccine to control rabies in raccoons, 17 we encountered raccoons with canine distemper infection that also had testicular lesions. Although a number of outbreaks of canine distemper have been described in raccoons, 6, 9, 10 none have reported testicular lesions in All of the canine distemper cases revealed characterassociation with this viral infection.
istic histopathologic lesions in the brain. However, in Materials and methods 2 cases (1 each from Pennsylvania and Ohio) other concurrent neurologic lesions (rabies and cerebral Sartissue submissions of raccoons at the Laboratory of Large
Records of necropsy examinations and of formalin-fixed
Animal Pathology, University of Pennsylvania, were reviewed for the past 6 yr (19851990). All cases with a diagnosis of canine distemper were reevaluated, and the testicular and epididymal tissue sections of males were reexamined by light microscopy (hematoxylin and eosin [HE]stained slides) and by immunoperoxidase for detection of canine distemper antigen using monoclonal antibody to nucleocapsid protein. 16 Selected formalin-fixed tissues were postfixed in osmium tetroxide, stained en bloc with uranyl acetate, dehydrated in alcohol, and embedded in plastic, and sections were cut at 60-90 nm and stained with uranyl acetate and lead citrate prior to examination by electron microscopy. these animals.
cocystosis, respectively) contributed to the deaths of 4 , 8 Microscopic examination of gonadal tissues of the 10 males with canine distemper infection revealed severe histopathologic lesions in the testicles (3 cases), epididymis (2) , and in both the organs (1). These lesions were similar to those described below in the South Carolina outbreak. Four of the males did not show any testicular or epididymal pathology.
The South Carolina outbreak was on an off-shore island (South Island) and lasted for approximately 4 months (February-June 1988). The epizootic was probably directly responsible for the clinical disease and death of approximately 25% of the estimated 250-300 island raccoons. 7 The peak case incidence occurred in March, when 5-10 new cases/week were observed.
Results
Records at the Laboratory of Large Animal Pathology showed that from 1985 to 1990 339 raccoons from Gross examination of formalin-fixed tissues of the 4 clinical canine distemper cases (3 males and 1 female) revealed irregular white foci on the cut surface of the testicles of the 3 males ( Fig. 1 ). For 1 of the males, both testicles were submitted; the lesions were bilateral but not symmetrical. stitial pneumonia and some syncytial cells in alveoli were seen. The brain revealed multifocal nonsuppurative necrotizing encephalitis, which was most prominent in the cerebellum. Extensive vacuolation of the neuropil, which also contained focal glial cell infiltrations, surrounded the necrotic foci in the cerebellum. Many of the glial cells in these areas had characteristic eosinophilic inclusions of canine distemper. The inclusions were predominantly located in the nucleus of the glial cells and occasionally were also seen in neuronal cytoplasm. Characteristic distemper inclusions were seen in the brain and in epithelial cells of the lung, stomach, and the urinary bladder.
The testicles contained areas of severe diffuse acute tubular degeneration. However, the severity of the pathologic change, even within 1 tissue section, was rather variable. The basement membrane of tubules that were severely affected appeared wrinkled and their individual cell borders were not discernable. The less severely affected tubules were lined by a layer of degenerating epithelial cells in which large eosinophilic cytoplasmic inclusions were seen. In the lumina of the latter tubules, there were variable amounts of granular to wispy eosinophilic material, and in a few, multinucleated cells were present (Fig. 2) . Also, some of the severely affected tubules appeared swollen and were packed with eosinophilic, partially mineralized material ( Fig. 3) . Such mineralized tubules were found in clusters and represented the pale irregular foci seen in the gross specimen (Fig. 1) . The interstitial testicular tissue was sprinkled with moderate numbers of lymphocytic inflammatory cells in which a few plasma cells were present. The lumina of the epididymis contained eosinophilic proteinaceous material and some degenerating cells. Most of the lining epithelial cells, which otherwise appeared normal, had 1 or more large eosinophilic cytoplasmic inclusions similar to those seen in the seminiferous tubules. Except for a few degen- erating spermatozoa within the tubules, there was marked absence of spermatozoa in the testicles and in the epididymis.
The ultrastructural examination of the testicle did not reveal any viral particles. The large cytoplasmic inclusions seen under light microscopy were identified as amorphous collections of nonviral protein within the cytosol of the tubular epithelium. Immunoperoxidase-stained sections were positive for canine distemper viral antigen. The antigen was also detected within the cytoplasmic inclusions seen on HE-stained sections of the testicles and epididymis.
Discussion
Natural outbreaks and pathologic lesions of canine distemper in wild raccoons have been described. 6,9,10,13.14 H owever, no reports have mentioned lesions in the testicles or the epididymis of the raccoons. Habermann et al. 6 documented the incidence and anatomic location of distemper inclusions in 14 raccoons. Inclusions were found in the brain, bronchi, salivary gland, bile duct, lymph nodes, spleen, urinary bladder, stomach, colon, and adrenal glands. According to Johnson, 12 viral orchitis has not been described in dogs, although dogs with canine distemper may show decreased spermatogenesis, decreased prostate fluid, and depressed testosterone production, which returns to normal after recovery from the illness. Dungworth, however, mentioned that mild interstitial epididymitis and orchitis are commonly seen in dogs with canine distemper.
The infected raccoons had extensive acute necrosis and mineralization of the testicular tissue. The lymphoplasmacytic infiltrate in the interstitial tissue appeared to be rather mild compared to the amount of necrosis that was present within the testicles. The canine distemper virus produces immunosuppression and, therefore, decreased numbers of inflammatory cells in affected animals. l5 Kilham et al. 13 isolated 2 unusual strains of canine distemper virus from wild raccoons; these strains were capable of producing jaundice and bilirubinemia in experimental raccoons, indicating that certain strains of canine distemper virus are capable of producing lesions in organs that are normally not affected in this disease. The severe testicular degeneration seen in the raccoons is not a commonly reported feature of canine distemper in any species and may represent a similar phenomenon, i.e., infection by unusual strains of the virus may have been responsible for the testicular lesions.
The 6-year retrospective study suggests that canine distemper virus is frequently capable of producing pathologic lesions in the testicles of raccoons. However, because many of the canine distemper-infected raccoons in this study also had neuropathologic lesions, self-mutilation or trauma to the testicular region may have been responsible for the lesions that were observed in testicles and epididymis. This hypothesis does not seem reasonable, however, because testicular or epididymal lesions were not found in any of the other non-distemper-infected raccoons in the 6-year period. Also, the raccoons that were examined during this period included both natural and experimental cases of rabies in which some form of self-mutilation or trauma to body parts was seen but never involved the testicles or the epididymis. Testicular lesions with canine distemper infection in raccoons have not been previously described because these lesions may have been overlooked.
Canine distemper is an important mortality factor in wild animal populations, including raccoons. 2, 10, 11 The canine distemper strains capable of producing tes- titular lesions may also induce temporary or permanent infertility in surviving male raccoons. This infertility may also affect the total number of raccoons in an area.
